ABSTRACT -Triazolylmethyl oxazolidinones are novel potent antibacterial agents recently synthesized in our laboratory. PURPOSE. Development of a rapid and specific LC-MS method for evaluating the stability of three potentially active antibacterial triazolylmethyl oxazolidinone compounds, namely PH-27, PH-38 and PH-41, in human plasma. METHODS. Ion-trap mass spectrometry using +APCI-MS at m/z 348.1 (PH-27), 389.1 (PH-38) and 451.1 (PH-41) combined with liquid chromatographic analysis using C18 reversed-phase column and a mobile phase consisting of 20 mM ammonium acetate solution and acetonitrile (50:50 v/v) was used. Plasma samples were pre-treated with acetonitrile to precipitate proteins prior to LC-MS analysis. Linezolid was used as an internal standard whose predominant ion at m/z 338.1 was monitored and used to construct the calibration curves. An accelerated stability study under controlled experimental conditions was conducted at -20 o C for a 5-weeks period. RESULTS. Calibration curves of the examined oxazolidinones in human plasma were established (r: 0.99) up to the concentration of 20.0 µg ml -1 with LLQ of 0.1 (PH-27), 0.5 (PH-38) and 1.0 µg ml -1 (PH-41). Validation data showed appropriate intra-and inter-day precision and accuracy as indicated from RSD% 1.3 -8.6 and % DEVs -12.7 to +11.3, respectively. Stability studies gave the kinetic degradation parameters of k deg 0.0191-0.0857 week -1 , t 1/2 8.1-36.3 weeks and t 90 1.2 -5.5 weeks. CONCLUSIONS. The developed +APCI-LC-MS assay is simple, fast and specific method that could be applied for the routine analysis of the selected oxazolidinones during stability and pharmacokinetic studies. The examined compound PH-27 was proved to be relatively more stable and resistant to degradation in human plasma compared to PH-38 and PH-41, as indicated from the kinetics and recovery studies at -20 o C.
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NOVELTY OF THE WORK
Triazolylmethyl oxazolidinones are newly synthesized antibacterial agents with potent activity against Gram-positive cocci. The development of fast and specific analytical methods for measurement of oxazolidinone compounds in human plasma is important for stability and pharmacokinetic evaluations of compounds during biological studies. The developed LC-MS method, which employs a simple protein precipitation step was proven to be efficient in measuring oxazolidinone concentrations over a broad range covering the sub-therapeutic, therapeutic and toxic ranges.
INTRODUCTION
The emergence and wide spread development of resistant Gram-positive bacteria, namely methicillinresistant Staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus faecium and Enterococcus faecalis; penicillin-resistant Streptococcus pneumoniae (PRSP) and multidrugresistant (MDR) coagulase-negative staphylococci (MR-CNS) continue to be major health concerns world-wide [1] [2] [3] [4] . These occurrences, coupled with the recent isolations of vancomycin intermediateresistant (VISA), and vancomycin-resistant S. aureus (VRSA) with vancomycin minimum inhibitory concentration (MIC) ≥ 32 μg/ml [5] [6] [7] continue to serve as impetus for the development of new antibacterial agents. Oxazolidinones are novel class of antibacterial agents, with linezolid as the first and only member approved for the treatment of hospital-_________________________________________ and community-acquired pneumonia and skin infections caused by Gram-positive bacterial strains [1, [8] [9] . Linezolid also showed activity against certain Gram-negative pathogens, particularly those associated with community-acquired respiratory tract infections (Moraxella catarrhalis and Haemophilus influenzae) and some anaerobes [9] [10] . Oxazolidinones exhibit a unique mode of action by binding at the P site of the 50S ribosomal subunit thus inhibiting protein synthesis [11] [12] . This unique mode of action offers a potential for low crossresistance with existing antimicrobial agents that inhibit protein synthesis. However, recent reports on emerging linezolid-resistant S. aureus [13] and Enterococcus spp. [14] [15] [16] in hospital isolates are discouraging and suggest the pressing need for new and more effective antibacterial agents.
We have recently reported [17] the bioisosteric substitution of the 5-azole moiety for the 5-acetamido group of linezolid 1 (Figure 1 ), which resulted in the novel 5-triazolylmethyl oxazolidinone PH-27, (Figure 1 ). This compound showed enhanced antibacterial activity against multi-drug resistant Gram-positive and certain anaerobes over linezolid [17] [18] . Further structure-activity relationship studies from our laboratory showed that the introduction of different C4'-substituted acyl groups at the distal piperazine motif significantly enhanced the antibacterial activity against resistant pathogenic bacteria strains compared with linezolid and PH-27 [19] . From these studies, two representative derivatives, namely acetylpiperazinyl (PH-38) and benzoylpiperazinyl (PH-41) derivatives ( Figure 1) were selected based on their strong antibacterial activity both in the absence and presence of 50 % human plasma for further study to determine their stability in plasma using LC-MS.
In addition, considerable interest on the novel triazolylmethyl oxazolidinone derivatives 2a-d as potential antibacterial agents for further development has been reported [20] [21] [22] . Also, the retention of antibacterial activity by PH-27, PH-38 and PH-41 in the presence of plasma may be indicative of their relative stability in, and relatively low binding to human plasma proteins [19] . Liquid chromatography (LC) coupled with mass spectrometry (MS) is a well recognized powerful tool for analysis of drugs and their metabolites in biological samples with a high degree of selectivity and sensitivity. We have also reported on the application of LC-MS-MS in the determination of drug molecules including linezolid [23] , synercid [24] , carbamazepine and theophylline [25] in biological and pharmaceutical matrices. Furthermore, other authors have utilized this technique to investigate the stability, metabolism and pharmacokinetics of selected oxazolidinone derivatives such as linezolid [26] and DA-7867 [27] [28] . In this study, we present the development, validation and application of positive atmospheric pressure-chemical ionization (+APCI)-LC-MS method for monitoring and comparing the stability of the novel triazolylmethyl oxazolidinones, namely PH-27, PH-38 and PH-41 stored in human plasma at -20 o C for a 5-weeks period. Human plasma samples were obtained from the Central Blood Bank, Kuwait. Water was purified using Milli-Q device (Millipore, Bedford, MA, USA). Other chemicals and reagents used were of analytical grade while solvents were of HPLC grade and used without further purification.
EXPERIMENTAL

Chemicals and reagents
(R)-5-((1H-1,2,3-triazol-1-yl)methyl)-3-(3-fluoro-4- morpholinophenyl) oxazolidin
Instruments
Mass spectrometric analyses were performed using LCQ TM ion trap mass spectrometer (Finnigan, USA) fitted with APCI probe operated in positive mode. APCI was utilized with following parameters: discharge current 5.0 µA, vaporization temperature 450 o C, capillary temperature 220 o C, capillary voltage 7.0 V, sheath gas flow rate 60 L/hr and auxiliary gas flow 20 L/hr. The mass spectrometer was operated in full MS scanning mode over the range 150-500 amu. The mass scanning parameters were: molecular mass ions m/z 348.2 (PH-27), 389.2 (PH-38), 451.2 (PH-41) and 338.2 (IS). The mass spectrometer was coupled to an HPLC (Spectra System P2000, Thermo Separation Products, USA) and an auto sampler (AS 3000, Finnigan Mat, USA). Chromatographic analyses were performed at ambient temperature 22 o C using a C18 reversed-phase column (Waters, 4.6 x 75 mm, 3.5 µm diameter) and a mobile phase consisting of acetonitrile and 20 mM ammonium acetate solution (50:50 v/v, pH 7.2) at a flow rate 1 ml min -1 . All operation processes and data acquisition were controlled by the Xcalibur software.
Standard solutions
Stock solutions of PH-27, PH-38, PH-41 and linezolid as an internal standard (IS) were separately prepared by dissolving ~5 mg of each compound in 5 ml of acetonitrile to obtain a concentration of 1 μg μl 
Procedure for sample preparation for LC-MS analysis (protein precipitation)
A 50 μl aliquot of a plasma sample (calibrators, quality controls, and analytes) was mixed with ~500 μl of the internal standard solution in acetonitrile in 1.5 ml-Eppendorff tube. The mixture was vortexed for 1 min and then centrifuged at 980 g at room temperature 
Validation of LC-MS procedure for determination of triazolyl oxazolidinones
Linearity
A 50 μl aliquot of each calibrator in plasma was treated as described above. The calibration curve was constructed by plotting peak area ratio of Analyte / IS vs. concentration (μg ml -1 ). Linear regression equations representing the calibration curves were computed. For each analyte, the lower limit of quantitation (LLQ) was determined on the basis of the lowest concentration of oxazolidinone derivative that produces RSD% and %DEVs < 25%.
Precision and accuracy
Quality control plasma samples supplemented with either PH-27 or PH-38 or PH-41 at low (3 μg ml -1 ) and high (15 μg ml -1 ) concentrations were analyzed by the described LC-MS method. RSD% and %DEVs values were determined for each compound in one day to assess intra-day precision and accuracy. In addition, the inter-day precision and accuracy were also measured over a period of 3 weeks using plasma samples spiked with oxazolidinone at a concentration of 20 μg ml -1 . The selectivity of APCI-LC-MS method was assessed by analysis of drug-free human plasma samples under the same experimental conditions.
Recovery studies
The described protein precipitation method was evaluated by determining the recovery percentages of PH-27, PH-38 and PH-41, respectively from plasma samples spiked with known concentrations of oxazolidinones at concentrations of 3 and 15 μg ml -1 .
Stability studies
Plasma samples (1 ml aliquots) were spiked with either PH-27 or PH-38 or PH-41 at concentration 20 μg ml -1 . The samples were stored at -20 o C for 5-weeks. Aliquots were collected at weekly intervals, thawed to room temperature and treated as above. The remaining concentrations of the analytes (PH-27, PH-38 and PH-41) expressed as log % was plotted vs. time (weeks) to establish the stability profiles. The values of the degradation rate constant (K deg ) were determined from the negative slopes of the stability curves, whereas t 1/2 and t 90 values were determined from the formulas 0.693 / k deg and 0.105 / k deg , respectively. Furthermore, the residual concentrations of analytes from the frozen samples at -20 o C were expressed as a percentage of the nominal concentrations added.
RESULTS
Figure 2a-b show representatives TIC chromatograms of PH-27 and the internal standard linezolid with the full MS spectra of analytes at m/z 348.1 and 338.1, respectively. Similarly, PH-38 and PH-41 displayed the protonated molecular ions at m/z 389.1 and 451.1, respectively. These ions were used to generate the TIC chromatograms of compounds under the controlled LC-MS conditions. The tuning parameters for MS analysis by +APCI were optimized by direct infusion of each compound in the mobile phase into the APCI ionization probe. A vaporization temperature of 450 o C, was found to be optimum to achieve maximum ionization and detection of mass ions by +APCI. Also the chromatographic conditions were also optimized. A mobile phase composed of acetonitrile and 20 mM ammonium acetate solution in a ratio 1:1 was found to be the most appropriate for optimum detection of oxazolidinone derivatives and IS. A reversed-phase C18 column was appropriate as it permits good resolution of analytes from plasma. Protein precipitation using acetonitrile as a protein precipitant was appropriate to remove most of the interfering endogenous protein constituents before analysis. Under the selected LC-MS conditions, the examined triazolylmethyl oxazolidinones and IS were rapidly eluted at 1.09 min (PH-27), 0.88 min (PH-38), 1.24 min (PH-41) and 0.96 min (IS) as well-defined peaks.
The developed LC-MS method for quantitative measurement of oxazolidinones in plasma was evaluated and validated. Calibrators of oxazolidinone compounds in human plasma were prepared at five non-zero calibration standards over the ranges 0.1-20 μg ml -1 (PH-27), 0.5-20 μg ml -1
(PH-38) and 1-20 μg ml -1 (PH-41). Internal standard calibration using linezolid as IS was applied. Linear correlations (r: ~0.99) of the peak area ratio (Analyte / IS) and concentration (μg ml -1 ) were obtained with LLQ of 0.1, 0.5 and 1.0 μgml -1 for PH-27, PH-38 and PH-41, respectively. The RSD% of the slopes of the calibration curves was in the ranges (3.7 -11.5%) ( Table 1) . Intra-day precision and accuracy for QC plasma samples spiked with oxazolidinone compounds at 3 μgml -1 (low) and 15 μgml -1 (high) were in the ranges of (RSD% : 1.3 -8.6% and (DEVs%: -12.7 to +11.3), respectively ( Table 2) . Inter-day precision/accuracy study for QC plasma samples spiked with analytes at a concentration 20 μgml -1 for a 3-weeks period gave RSD% values ranged from 3.7 -7.8%, whereas the inter-day % DEVs ranged -12.1 to +5.1 for the examined oxazolidinones. To prove the efficiency of protein precipitation method for preparation of samples, recoveries of oxazolidinone compounds from human plasma were calculated. Mean recovery percentage ± SD of 95.8 ± 9.9 (PH-27), 95.6 ± 5.6 (PH-38) and 106.1 ± 4.1 (PH-41) in human plasma were computed.
The stability of oxazolidinones in plasma under storage conditions at -20 o C for a 5 weeks period was evaluated. The derived stability results showed first-order kinetic profiles for the oxazolidinones with K deg in the ranges of 0.0191 -0.0857 week -1 , t 1/2 8.1 -36.3 weeks and t 90 1.2-5.5 weeks (Table 3) . Moreover, the residual concentrations of oxazolidinones from the frozen samples at -20 o C after a 5-weeks period were 91.6, 71.1 and 62.3% for PH-27, PH-38 and PH-41, respectively. 
DISCUSSION
Recently, the novel triazolylmethyl oxazolidinones, PH-27, PH-38 and PH-41 have been prepared and tested in our laboratory as potential antibacterial agents. These compounds demonstrated potent antibacterial activity against both susceptible and multidrug-resistant Gram-positive bacterial strains [17, 19] . The stability of these compounds in human plasma is necessary to ensure the presence of effective and therapeutic drug levels. Ion-trap mass spectrometry (MS) was used in combination with LC for quantitative analysis of oxazolidinones in human plasma after simple cleaning up procedure using acetonitrile as a protein precipitant. During the early stage of method development, both ESI and APCI ionization interfaces coupled to MS were investigated for sensitivity. Significant gain in sensitivity by the use of APCI at 450 o C was observed, while ESI was found to produce insufficient ionization. This indicated that the APCI performed better for high molecular weight and slightly polar triazolylmethyl oxazolidinones. In addition, the composition of the mobile phase was also found to be important. The presence of acetonitrile as a modifier in the mobile phase at 50% v/v permits rapid and enhanced detection of analytes within ~2 min. Unlike classical LC with UV detection, chromatographic analysis using LC-MS, which is based on the detection of analytes by monitoring the molecular mass ions, is more selective compared to the traditional LC with UV detection. Accordingly, the potential interference from endogenous biological constituents of the plasma using HPLC was eliminated during analysis of oxazolidinones using LC-MS with an improvement of method selectivity. As shown in Figure 3 , the ion chromatograms of free plasma samples similarly treated as spiked samples, showed zero peak area measurements in the range 0 -2 min at the retention times of oxazolidinones and IS. Further, the supplemented plasma samples with analytes gave recovery percentages of ~100 ± 6% of oxazolidinones, indicating insignificant ion suppressing effect of plasma and proved an appropriate selectivity for the developed LC-MS method. This resulted in far cleaner and less contaminated chromatographic profiles for the oxazolidinones. The developed LC-MS method covers a broad range of the oxazolidinone compounds in plasma at the concentration range of ~0.1 -20 µg ml -1 , and simulates sub-therapeutic, therapeutic and toxic levels, which are important for pre-clinical and clinical studies. In addition to linearity, sensitivity and selectivity studies; intra-day and inter-day precision and accuracy studies at low, medium and high concentrations of oxazolidinones in plasma were conducted. As indicated in Table 2 , the developed LC-MS method was found to be appropriate for measuring PH-27, PH-38 and PH-41 in plasma. The relatively low inter-day precision and accuracy values for PH-38 and PH-41 (Table 2 ) may be due to the relative instability of these compounds in human plasma. The calculated recovery percentages as previously shown indicated that the protein precipitation method is appropriate for sample preparation. Moreover, the applied procedure is fast, simple, non-tedious and may be appropriate for the analysis of a large sample size during biological studies.
The conducted stability studies revealed that PH-27, PH-38 and PH-41 compounds have different stability profiles in human plasma when stored at -20 o C; however the stability was found to be somewhat related to the chemical structure of the oxazolidinone compounds. Whereby, the morpholino derivative (PH-27) was found to be the most stable compound compared with the acylpiperazinyl derivatives (PH-38 and PH-41) as indicated from lower K deg , longer t 1/2 and t 90 and higher percentages of the residual oxazolidinones at -20 o C; PH-27 (91.6%), PH-38 (71.1%) and PH-41 (62.3%). These differences in stability behaviors might be due to the presence of the acyl moiety at the distal piperazine 4-position, which could be susceptible to hydrolysis by plasma amidases. 
CONCLUSIONS
The described APCI-LC-MS method provides the advantages of selectivity and sensitivity for analysis of triazolylmethyl oxazolidinones in complex matrices with rapid chromatographic elution of analytes. Validation and recovery studies using protein precipitation method supported the potential applicability of this method for analyzing oxazolidinone compounds in human plasma and for evaluating the stability of compounds in biological matrixes. The conducted studies have showed that the prepared triazolylmethyl oxazolidinones have different stability profiles when stored at -20 o C for a 5-weeks period. PH-27 was the most stable compound as indicated by the lower K deg , longer t 1/2 and t 90 values and higher percentage of the residual amount from the stored samples at -20 o C, compared with PH-38 and PH-41.
